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(54) Athermalized codoped optical waveguide device 

(57) Athermalized optical waveguide devices and 
methods of making the athermalized devices are 
described. Boron is incorporated into the composition of 
the optical waveguides in order to athermalize the 
waveguides by reducing spectral shifts caused by 
changes in temperature. The irwention includes the uti- 
lization of boron dopants in the core and cladding of 
optical waveguide devices such as Mach-Zehnder cou- 
pler devices and long period fiber gratings. 
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Description 

FIELD OF THE INVENTION 

This invention relates to an optical waveguide s 
device in which thermal spectral shifts are inhit)ited. In 
particular, this invention relates to athermalized optical 
waveguiding devices in which the light transmitting 
properties are insensitive to temperature variations and 
fluctuations. io 

BACKGROUND OF THE INVENTION 

Optical waveguide devices, such as Mach-Zehnder 
coupler devices and long period fiber gratings, which is 
are utilized with optical signals as transmitting filters, 
sensors, and wavelengtii multiplexing and demultiplex- 
ing devices provide good performance at standard room 
temperatures but exhibit thermal spectral shifts and 
related poor performance when used in environments 20 
where they are exposed to tiiermal variation and fluctu- 
ations in temperatures. 

Mach-Zehnder coupler devices and long period 
fiber gratings can be used in narrow-band, multi-wave- 
length system applications as transmitting filters. In 25 
addition. Mach-Zehnder coupler devices can be used 
as sensors, and wavelength multiplexing and demulti- 
plexing devices. 

In a long period f it>er grating a long period grating is 
formed in the fiber which functions to couple light 30 
between the fundamental mode propagating in the 
waveguide core and a guided cladding mode. Such 
gratings have an index modulation along tiie waveguid- 
ing axis of the fiber, and may be formed by writing with 
UV irradiation, etching, or otiier means of making peri- 35 
odic perturbations. 

A Mach-Zehnder coupler device is a form of a 
Mach-Zehnder interferometer. In a Mach-Zehnder cou- 
pler device, a coupler spirts light into two or more 
waveguides, typically optical fibers, which have different 40 
optical paUi lengths. A second coupler recombines this 
light after the light has traveled the different optical path 
lengths. In addition, Mach-Zehnder coupler devices 
may be used as demultiplexers and in sensor applica- 
tions. Variations in the Mach-Zehnder coupler device 45 
family includes MultiClad™ Mach-Zehnder coupler 
devices, fused f ber Mach-Zehnder coupler devices and 
Mach-Zehnder lattice filters. 

It has been found tiiat the use of optical waveguide 
devices such as long period fiber gratings and Mach- so 
Zehnder c-oupler devices is limited by their temperature 
dependence. In such devices, thermal specti'al shifts of 
greater than 0.04 nnV°C at a transmitting wavelengtii of 
1550 nm limit their application and usefulness in envi- 
ronments of differing temperature. ss 



SUMMAFy/ OF THE INVENTION 

Accordingly, the present invention is directed to an 
optical waveguide that substantially obviates one or 
more of the problems due to limitations and disadvan- 
tages of tiie related art. 

Additional features and advantages of tiie invention 
will be set forth in the description which follows, and in 
part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of tiie invention will be realized and 
attained by tiie composKions, structures, and methods 
particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

To achieve tiiese and other advantages and in 
accordance with the purpose of tiie invention, as 
embodied and broadly described, the invention pro- 
vides an athermal optical waveguide device in which at 
least one light transmitting Ge02 doped silica core is 
codoped with B2O3 to inhibit tiiermal spectral shifts 
induced by changes in tenperature. 

In anotiier aspect, the invention includes an ather- 
mal optical waveguide doped witii B2O3. 

A further aspect of tiie invention is to provide a 
method of athermalizing an optical waveguide by 
codoping the waveguide with B2O3 to neutralize tiie 
optical waveguide's tiiermal sensitivity. 

It is to be understood that both the foregoing gen- 
eral description, and the following detailed description 
are exemplary and explanatory and are intended to pro- 
vide further explanation of tiie invention as claimed. 

The accompanying drawings are included to pro- 
vide a furtiier understanding of the invention and are 
incorporated in and constitute a part of this specifica- 
tion, illustrate several ent3odiments of the invention 
and, together witii tiie description, serve to explain tiie 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 conprises a schematic representation of a 
Mach-Zehnder coupler device. 

FIG. 2 is a plot of Temperature (°C) versus Peak 
Wavelength (nm) for a comparison model of a Mach- 
Zehnder coupler device. 

FIG. 3 is a plot of Temperature f^C) versus Peak 
Wavelength (nm) for a Mach-Zehnder coupler device in 
accordance with the teachings of the present invention. 

FIG. 4 is a plot of Temperature f>C] versus Peak 
Wavelength (nm) for a Mach-Zehnder coupler device in 
accordance with the teachings of the present invention. 

FIG. 5 is a plot of Temperature {**C) versus Peak 
Wavelength (nm) for a Mach-Zehnder coupler device in 
accordance with tiie teachings of the present invention. 

FIG. 6 is a plot of B2O3 Content (wt.%) versus Ther- 
mal Spectral Shift Coefftcients (nmA'C) in accordance 
with the teachings of tiie present invention. 

FIG. 7 is a plot of Temperature (**C) versus Peak 
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Wavelength (nm) for a long pericxJ fiber grating in 
accordance with the teachings of the present invention. 

FIG. 8 is a plot of Temperature (°C) versus Peak 
Wavelength (nm) for a long period fiber grating in 
accordance with the teachings of the present invention, s 

FIG. 9 is a plot of Temperature ("C) versus Peak 
Wavelength (nm) for a long period fiber grating in 
accordance with the teachings of the present invention. 

FIG. 10 is a plot of the B2O3 wt.% difference 
between the core and cladding of the long period f ber 10 
gratings versus the slope (nnV^C) of the long period 
fiber gratings at 2(yC In accordance with the teachings 
of the present invention. 

PRIOR ART 15 

Prior art of possible relevance Is provided sepa- 
rately. 

DETAILED DESCRIPTION OF THE INVENTION 20 

The optical waveguide device of the invention 
includes a germania doped silica core and a sufficient 
amount of B2O3 dopant to inhibit thermal spectral shifts. 

Reference will now be made In detail to the present 25 
preferred embodiments of the Invention, examples of 
which are Illustrated in the accompanying drawings. 

The athermal optical waveguide devices of the 
invention Include optical waveguides, optical fibers, 
Mach-Zehnder coupler devices and long period fber 30 
gratings which provide for the transmission of light 
through a silica core. The athermal optical waveguide 
devices of the invention are useable over a broad tem- 
perature range as transmitting filters, demultiplexers, 
multiplexers, and sensors. 35 

The optical waveguide devices of the invention 
include an optical waveguiding silica core doped with an 
Index raising dopant and a sufficient amount of B2O3 
codopant to inhibit thermal spectral shifts in the device 
when the device Is subjected to changes in tempera- 40 
ture. The prefen^ed index raising dopant of the invention 
is Ge02. 

The optical waveguide devices of the invention 
include transmitting filters. The transmitting filters of the 
Invention Include long period fiber gratings and Mach- 45 
Zehnder interferometers. A Mach-Zehnder coupler 
device of the invention utilizes a Mach-Zehnder Interfer- 
ometer in which a mode of light guided by a first 
waveguiding core is coupled to a second waveguiding 
core. The long period fiber grating transmitting filters of so 

thA im/Antinn nmvirlA for a mode of liaht orooaaatlna in 
a waveguiding core to couple with a mode in the clad- 
ding of the waveguide. 

The optical waveguide devices of the invention 
include a silica core which has a B2O3: Ge02 ratio rang- ss 
ing from 1 wt.% B2O3 : 3 wt.% GeOg to 1 wt.% B2O3 : 
10 wt.% Ge02. more preferably ranging from 1 wt.% 
B2O3 : 4 wt.% Ge02 to 1 wt.% B2O3 : 6 wt.% Ge02. A 



preferred silica core has a 1 wt.% B2O3 : 5 wt.% Ge02 
ratio. 

The athermalized optical waveguide Includes a sil- 
ica glass composition which has a dopant content of 
B2O3 and one or more Index raising dopants, wherein 
the dopant content has a B2O3 : index raising dopant 
molar ratio ranging from 1 mole B2O3 : 1.5 moles of 
Index raising dopants to 1 mole B2O3 : 8 moles of Index 
raising dopants. A preferred dopant content range Is 
from 1 mole B2O3 : 2 moles of Index raising dopants to 
1 mole B2O3 : 7 moles of Index raising dopants. A more 
preferred dopant content range Is from 1 mole B2O3 : 3 
moles of index raising dopants to 1 mole B2O3 : 4 moles 
of Index raising dopants. 

The method of making the optical waveguide 
devices of the Invention Includes the method of ather- 
malizlng the optical waveguide device to inhibit thermal 
spectral shift. This method includes forming a silica 
waveguide core and doping the core with an index rais- 
ing dopant, preferably Ge02. This method further 
includes the step of codoping the core with B2O3. 
Codoping with B2O3 provides for a sufficient amount of 
B2O3 wherein the waveguide device exhibits a thermal 
spectral shift of less than 0.04 nnn/^C at 1550 nm when 
subjected to a temperature variation. The core Is 
oodoped with a sufficient amount of B2O3 to neutralize 
the core's thermal sensitivity. 

This method may further Include the step of forming 
a Mach-Zehnder Interferometer with the codoped silica 
waveguide core. 

This method can also include the step of cladding 
the codoped waveguide core to form an optical 
waveguide. Such a cladding can be comprised of silica 
or B2O3 doped silica. An additional step of the invention 
is to write a long period grating in the optical waveguide. 

The invention Includes the method of reducing the 
temperature dependance of optical waveguide devices. 
This method includes the steps of forming a waveguide 
core, doping the waveguide core with an Index raising 
dopant having a positive thermal spectral shift slope, 
and codoping the waveguide core with a second dopant 
having a negative thermal spectral shift slope. Codop- 
ing the core includes the step of neutralizing the positive 
thermal spectral shift slope of the core with the negative 
thermal spectral shift slope of the second dopant. Said 
second dopant is preferably tx)ron, which Is an Index 
depressing dopant. The step of codoping can further 
comprise codoping with an amount of the second 
dopant so that the molar ratio of the second dopant to 
the Index raising dopant is In the range of 1 mole of the 
second dooant to 2-4 moles of the index raislno dooant. 

• V t 

This method further Includes the steps of cladding 
the waveguide core and fabricating an optical 
waveguide device from the cladded waveguide core. 
Such a cladding may include the use of a glass doped 
wKh the second dopant 

The Invention Includes the method of making an 
optical waveguide with a reduced tenrperature depend- 
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ence by doping a waveguide with an index altering 
dopant which allows light to be guided and doping the 
waveguide with a temperature dependance liberating 
dopant which reduces the tenperature dependence of 
the waveguide. 

The athermalized optical waveguide of the inven- 
tion includes a core and a cladding wherein the core 
and the cladding have a difference in B2O3 dopant con- 
tent ranging from 1 to 5 wt.% B2O3, with a preferred dif- 
ference ranging from 2 to 4 wt.% B2O3. 

U.S. Patent Number 5,295.205 to Miller et a!., the 
disclosure of which is hereby incorporated by reference, 
discloses a Mach-Zehnder coupler device and a 
method of making such devices. 

One embodiment of the invention comprises a Mul- 
tiClad™ Mach-Zehnder coupler device which utilizes a 
first optical fiber having a silica core doped with Ge02 
which is codoped with B2O3 in order to inhibit thern\al 
spectral shifts in the Mach-Zehnder coupler device 
caused by a change in temperature. The Mach-Zehnder 
coupler device of the invention further includes a sec- 
ond optical fiber having a B2O3 dopant concentration 
different from the first optical fiber. Such an embodiment 
provides a Mach-Zehnder coupler device that has a 
reduced sensitivity to temperature variations. 

A number of MultiClad™ Mach-Zehnder coupler 
devices of the type having two arms of equal physical 
path lengtiis but differing fundamental nrxxJe effective 
indices, as illustrated in FIG. 1 by Mach-Zehnder cou- 
pler device 20, were made and analyzed at tempera- 
tures ranging from -40'*C to 125**C. In FIG. 1. spliced 
Mach-Zehnder coupler device arm 1 1 has the same 
physical path length as unspliced Mach-Zehnder cou- 
pler device arm 12. First coupler 16 splits light into 
spliced coupler arm 11 and unspliced coupler arm 12. 
Spliced coupler arm 1 1 has an optical path length differ- 
ent from the optical path length of unspliced coupler 
arm 12 due to the insertion of optical path changing 
fiber segment 13. Second coupler 17 recomblnes the 
split light propagating through coupler arms 1 1 and 12. 
In Mach-Zehnder coupler device 20 light is selectively 
transmitted by tiie Mach-Zehnder interferometer by 
being split into two differing optical path lengths and 
then recombined. The invention may also be utilized 
with other forms of Mach-Zehnder interferometers and 
coupler devices, for example Mach-Zehnder coupler 
devices with more than two arms. Mach-Zehnder cou- 
pler devices with unequal coupler splitting, and Mach- 
Zehnder coupler devices having arms of different phys- 
ical path lengths. 

A /*nmnoriertn mnHol n( 0 Mo/4^.7ohnHor miinlpr 

device was made as shown in FIG. 1 with commercially 
available optical fibers. Experimental Mach-Zehnder 
coupler devices of the invention were made as shown in 
FIG. 1 and compared with the comparison model. In the 
comparison model the Mach-Zehnder coupler device's 
unspliced coupler arm 12 was made from commercially 
available Corning SMF-28™ single mode optical fiber. 



Spliced coupler arm 11, which has tiie same physi- 
cal patii length as unspliced coupler arm 12. was made 
by splicing in a segment of commercially available Corn- 
ing CS-980™ single mode optical fiber. Corning SMF- 

5 28^" single mode optical fiber has a core-clad A = 0.35% 
witii a cutoff of 1260 nm and a Ge02 doped silica core, 
which is doped with about 6-10 wt.% Ge02. Corning 
CS-980^" single mode optical fiber has a core-clad A = 
1 .0% with a cutoff of 950 nm and a Ge02 doped silica 

w core, which is doped wrtii about 18-20 wt.% Ge02. In 
this comparison nrKxJel spliced in fiber segment 13. a 10 
mm segment of Corning CS-980™ single mode optical 
fiber was spliced between Corning SMF-28™ single 
mode optical fiber segments 18 and 19 at splicings 15 

/5 and 1 4. The thermal spectral shift of this Mach-Zehnder 
comparison model coupler was analyzed using an opti- 
cal spectrum analyzer and an erbium ASE light source. 
The performance of this comparison model at a variety 
of temperatures in the range of -40*^0 to 125'*C was 

20 tested using a tiiermal chamber. The tiiermal spectral 
shift of the comparison model is shown in FIG. 2 which 
is a plot of Peak Wavelengtii (nm) versus Temperature 
(*»C). From FIG. 2 it was determined tiiat this compari- 
son model had a thermal spectral shift coefficient of 

25 0.043 nvc\!°C. Virtually identical thermal spectral shift 
coefficients were measured for other comparison mod- 
els which had a variety of Ge02 core dopant levels, arm 
lengtiis and fiber types such as Corning SMF-28™ and 
CS-980™ optical f bars witii different cutoffs, optical f ib- 

Qo ers with a Ti02 doped silica core, and a step index opti- 
cal fiber having a A = 2.0% with a cutoff of 1210 nm. 

Experimental Mach-Zehnder coupler device No. 1 
was made with the configuration of Mach-Zehnder cou- 
pler device 20 of FIG. 1 and in the same set up and 

35 manner as the comparison model except tiiat spliced in 
fiber length 13 was not Corning CS-980™ optical fiber. 
The spliced in fiber lengtii 13 of experimental coupler 
No. 1 was a 1 0 mm section of an experimental fiber hav- 
ing an optical waveguiding silica core doped with 25 

40 wt.% Ge02 and codoped with 1 4 wt.% B2O3. (16.5 mole 
% Ge02, 13.7 mole % B2O3, and 69.8 mole % Si02) 
The thermal spectral shift of experimental coupler No. 1 
was analyzed in the same manner as the comparison 
model. The thermal spectral shift of experimental cou- 

45 pier No. 1 is shown in FIG. 3 which is a plot of Peak 
Wavelength (nm) versus Temperature (**C). From FIG. 3 
it was determined that experimental coupler No. 1 had a 
thermal spectral shift coefficient of -0.204 nm/^C. 

Experimental Mach-Zehnder coupler device No. 2 

50 was made with the configuration of Mach-Zehnder cou- 
pler de^^ce 20 of FIG. 1 and in the same manner and 
setup as the comparison model except that spliced in 
fiber length 13 was a fiber segment comprised of a 
7.757 mm length of Corning CS-980™ single mode opti- 

55 cal fiber, as used in tiie comparison model, spliced with 
a 1 .158 mm length of experimental fiber having a silica 
core doped witii 25 wt.% Ge02 and codoped witii 14 
wt.% 62O3. as used in experimental coupler No. 1. This 
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combination of spliced fiber for experiment coupler No. 
2 was chosen so as to achieve a net zero thermal spec- 
tral shift coefficient. The thermal spectral shift of experi- 
mental coupler No. 2 was analyzed in the same manner 
as the comparison model. The thermal spectral shift of 
experimental coupler No. 2 is shown In FIG. 4 which is 
a plot of Peak Wavelength (nm) versus Temperature 
(**C). From FIG. 4 it was determined that experimental 
coupler No. 2 had a thermal spectral shift coefficient of - 
0.008 nm/°C. 

Experimental Mach-Zehnder coupler device No. 3 
was made with the configuration of Mach-Zehnder cou- 
pler device 20 of FIG. 1 and in the same manner and set 
up as the comparison model except that spliced in fiber 
length 13 was a 10 mm section of an experimental fber 
having an optical waveguiding silica core doped with 15 
wt.% GeOs and codoped with 5 wt.% B2O3. (9.3 mole % 
Ge02, 4.6 mole % B2O3, 86.1 mole % S\0^ This exper- 
imental codoped fiber was fabricated by the outside 
vapor deposition process using a flame hydrolysis 
apparatus with appropriate silica, Ge02 dopant, and 
B2O3 codopant feedstock levels to result in this core 
which was cladded with silica. The thermal spectral shift 
of experimental coupler No. 3 was analyzed in the same 
manner as the comparison model. TTie thermal spectral 
shift of experimental coupler No. 3 is shown in FIG. 5 
which is a plot of Peak Wavelength (nm) versus Temper- 
ature (°C). From FIG. 5 it was determined that experi- 
mental coupler No. 3 had a thermal spectral shift 
coefficient of -0.07 nm^C. 

Hypothetical experimental Mach-Zehnder coupler 
device No. 4 would be fabricated from a unitary spliced 
in fber length 13 to avoid the conplications of a spliced 
in fiber length 13 made from a Ge02 doped fiber and a 
Ge02 doped B2O3 codoped fiber as in experimental 
Mach-Zehnder coupler device No. 2 to achieve an 
athermalized optical waveguide device with a nearly 
zero thermal spectral shift coefficient. FIG. 6 shows the 
thermal spectral shift coefficients of the comparison 
model (.043 nnV*C at 0 wl.% B2O3), experimental cou- 
pler No. 3 (-0.07 nm/°C at 5 wt.% B2O3), and experi- 
mental coupler No. 1 (-0.215 nm/°C at 14 wt.% B2O3). 
FIG. 6 is a plot of the thermal spectral shift coefficients 
of these couplers in nmAC versus the B2O3 content of 
these couplers in wt.%. FIG. 6 provides an optimal level 
of boron codoping of Ge02 doped silica cores to 
achieve temperature independence. Linear interpola- 
tion of the data as shown in FIG. 6 gives an optimal level 
of boron codoping of 15 wt.% Ge02 doped silica cores 
of approximately 1.7± 0.6 wt.% B2O3 (9.3 mole % 
GeOs, 1.6 mole % B2O3, 89.1 mole % S\0^ to achieve 
a thermal spectral shift coefficient of zero nmA'C. This 
optimal and sufficient B2O3 codoping concentration 
level is useable with a broad range of Ge02 core doping 
levels since the thermal spectral shift coefficients of sil- 
ica core waveguides doped only with germania are 
independent of the germania doping levels within a 
broad range of about 10 wt.% to 40 wt.% Ge02. 



Hypothetical experimental coupler No. 4 would be 
fabricated with the same configuration as FIG. 1 and in 
the same manner and set up of the comparison model 
except that spliced in fiber length 13 would be a 10 mm 

5 section of an experimental fiber having an optical 
waveguiding silica core doped with 1 wt.% to 40 wt.% of 
Ge02. preferably 15 wt.% to 25 wt.% of Ge02 and 
codoped with 1 wt.% to 4 wt.% B2O3, preferably 1.1 
wt.% to 2.3 wt.% of B2O3. This experimental codoped 

10 fiber could be fabricated by the outside vapor deposition 
process using a flame hydrolysis apparatus with appro- 
priate silica, Ge02 dopant, and B2O3 codopant feed- 
stock levels, and also by other processes, to result in 
such a core, which could be cladded with silica. 

15 An additional embodiment of the invention includes 
the fabrication of a long period fiber gratings from an 
optical fiber having a silica core codoped with B2O3. 
Long period fiber gratings of the invention were formed 
using UV Exdmer lasers with appropriate energies. 

20 exposure times, and grating periods. 

A conparison model of a long period fber grating 
was fabricated from commercially available Corning 
SMF-DS™, which is a dispersion shifted fiber having a 
dispersion shifting core profile with a peak of about 18- 

25 20 Wt.% Ge02. Long period gratings were written in this 
fber using a laser with 550mJ pulses at 248 nm and at 
an 8 Hz repetition rate for 6 minutes. Prior to writing this 
long period grating, the fiber was placed in a hydrogen 
atmosphere at 1550 psi for one week to increase the 

30 photosensitivity of the fiber. This resulted in the compar- 
ison model having a strong grating with only 9% power 
transmission. The thermal spectral shift of this compari- 
son model long period fiber grating was analyzed in a 
similar manner as tiie Mach-Zehnder coupler devices. 

35 This comparison model long period fber grating had a 
tiiermal spectral shift coefficient of 0.044 nmA'C. 

Experimental long period fber grating No. 1 was 
fabricated from an experimental optical fber having a 
silica core doped witii 15 wt.% Ge02 and codoped witii 

40 5 wt.% B2O3. This experimental codoped fiber core was 
cladded with a silica cladding having approximately 0.8 
wt.% B2O3.. Experimental long period fiber grating No. 1 
was hydrogen treated then written in tiie same manner 
as the comparison model. This resulted in a weaker 

45 grating than tiie comparison model. Experimental long 
period fiber grating No. 1 had a 62% power transmission 
indicating tiiat this experimental optical fber was less 
photosensitive than the conventional dispersion-shifted 
fber used in the comparison model. The thermal spec- 

50 tral shift of tiiis long period fiber grating was analyzed in 
a similar manner as the Mach-Zehnder coupler devices 
and tiie long period fiber grating comparison model. 
The thermal spectral shift of experimental long period 
fber grating No. 1 is shown in FIG. 7 which is a plot of 

55 Peak Wavelengtii (nm) versus Temperature (**C). From 
FIG. 7 it was determined that experimental long period 
fber grating No. 1 had a thermal spectral shift coeffi- 
cient of -0.028 nm/'C. It is believed that experimental 
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long period fiber grating No. 1 Is more athermalized 
than experimental Mach-Zehnder coupler device No. 3 
which used the same fiber core compositions off Ge02 
and B2O3 due to the presence of boron in the cladding. 

Experimental long period fiber grating No. 2 was s 
fabricated from an experimental optical fiber having a 
silica core doped with 15 wt.% Ge02 and codoped with 
2 wt.% B2O3. This experimental codoped fiber core was 
cladded with a silica cladding having 1 wt.% B2O3. 
Experimental long period fiber grating No. 2 was hydro- 10 
gen treated then written in the same manner as the 
comparison model. The thermal spectral shift of this 
long period fiber grating was analyzed in a similar man- 
ner as the Mach-Zehnder coupler devices and the long 
period fiber gratings. The thermal spectral shift of exper- is 
Imental long period fiber grating No. 2 is shown in FIG. 

8 which Is a plot of Peak Wavelength (nm) versus Tem- 
perature (°C). From FIG. 8 it was determined that exper- 
imental long period grating No. 2 had a thermal spectral 
shift coefficient of 0.026 nm/'C. 20 

Experimental long period fiber grating No. 3 was 
fabricated from an experimental optical fiber having a 
silica core doped with 1 7 wt.% GeOa and codoped with 
3.3 wl.% B2O3. This experimental codoped fiber core 
was cladded with a silica cladding having 0.9 wt.% 25 
B2O3. Experimental long period fiber grating No. 3 was 
hydrogen treated then written in the same manner as 
the comparison model. The thermal spectral shift of this 
long period fiber grating was analyzed in a similar man- 
ner as the Mach-Zehnder coupler devices and the long so 
period fiber gratings. The thermal spectral shift of exper- 
imental long period fiber grating No. 3 is shown in FIG. 

9 which is a plot of Peak Wavelength (nm) versus Tem- 
perature (°C). From FIG. 9 it was determined that exper- 
imental long period grating No. 3 had a thermal spectral 35 
shift coefficient of 0.004 nm/°C. 

FIG. 10 Is a plot of the thermal spectral shift coeffi- 
cients of the experimental long period f iber gratings and 
the comparison model versus the B2O3 wt.% difference 
between the core and the cladding for each of these 4o 
long period fiber gratings. As shown in FIG. 10. the 
comparison model had a thermal spectral shift coeffi- 
cient of 0.044 nm/**C and 0 B2O3 wt.% difference 
between its core and cladding in that It was not doped 
with boron. Experimental long period fiber grating No. 1 45 
had a thermal spectral shift coefficient of -0.028 nm/°C 
and a 4.2 B2O3 wt.% difference between its core of 5 
wt.% B2O3 and cladding of 0.8 wrt.% B2O3. Experimen- 
tal long period fiber grating No. 2 had a thermal spectral 
shift coefficient of 0.026 nm/^C and a 1 B2O3 wt.% dif- so 
Terence Deiween iis (aji e ui ^ wi. /o ^2^3 m lu ^/lawvjH *^ 
1 wt.% B2O3. Experimental long period fiber grating No. 
3 had a thermal spectral shift coefficient of 0.004 nm/*'C 
and a 2.4 B2O3 wt.% difference between its core of 3.3 
wt.% B2O3 and cladding of 0.9 wt.% B2O3. As shown in ss 
FIG. 10 it is preferred to have an optical fiber with a dif- 
ference in B2O3 wt.% between the core and the clad- 
ding of about 2 to 3.2 to achieve a thermal spectral shift 



coefficient from 0.01 to -0.01 nnrV°C. An optimized 
athermalized long period fiber grating would have a dif- 
ference of about 2.6 wt.% between the B2O3 concentra- 
tions of the core and the cladding. 

Hypothetical experimental long period fiber grating 
No. 4 would be fabricated from an experimental optical 
fiber having a difference of 2.6 between the B2O3 wt.% 
of the core and the cladding, such as the silica core of 
experimental long period f iber grating No. 3 being clad- 
ded with a silica cladding having 0.7 wt.% B2O3. 

An optical waveguiding silica core having about 1 
wt.% to 40 wt.% of Ge02, preferably 1 5 wt.% to 25 wt.% 
of Ge02 and codoped with 1 wt.% to 5 wt.% of B2O3. 
preferably 2 wt.% to 4.5 wt.% of B2O3, and cladded with 
a silica cladding having from about 0 wt.% to 2 wt.% of 
B2O3, preferably 0.6 to 1 wt.% of B2O3 is preferred to 
achieve an athermalized temperature independent opti- 
cal waveguide device, such as long period fiber grating. 
In addition, to achieve such an athermalized tempera- 
ture independent optical waveguide device, particularly 
a long period fiber grating it is important that the differ- 
ence in B2O3 concentration between the core and the 
cladding be In the range of about 2 to 3.2 wt.%. prefera- 
bly 2.2 to 3 wt.%. as disclosed in FIG. 10. 

As with the long period fiber gratings, B2O3 could 
be used in the silica cladding sun-ounding the core of an 
optical waveguide fiber in a Mach-Zehnder coupler 
device. With the optical waveguide fibers of the inven- 
tion, the actual B2O3 concentration in the cladding has 
a relatively small effect compared to the difference of 
B2O3 concentration in the core and the dadding. In 
addition, Mach-Zehnder coupler devices could be fabri- 
cated that have more than one of the f bers doped with 
boron. 

The experimental fibers of the invention were fabri- 
cated with a flame hydrolysis apparatus using the out- 
side vapor deposition method to form these optical 
waveguide silica cores doped with Ge02 and codoped 
with B2O3. Appropriate silica, Ge02 dopant, and B2O3 
codopant vaporous feedstock levels are delivered to the 
flame hydrolysis burner to provide for the particular 
dopant and codopant concentration levels. Similarly, 
appropriate silica and B2O3 vaporous feedstock levels 
are delivered to the flame hydrolysis burner to provide 
for the particular B2O3 concentrations in the silica clad- 
ding glass used in the long period fiber gratings. 

K is believed that this inventive codoping of a Ge02 
doped silica core with B2O3 beneficially changes the 
thermal variability of the index of refraction of the 
waveguiding core, along with the potentially advarrta- 

riAniie akorinn rtf tho u/flumi liHa Hi&norfiinn AffATts and 
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stress-optic effects of the optical fiber. 

The waveguide core and optical fiber composition 
of the invention Is particularly sensitive and dependent 
on the B2O3 dopant concentration. In the inventive 
waveguide core composition, Ge02 is utilized as a 
dopant to advantageously alter the index of refraction of 
the silica core In order to achieve a beneficial A for guid- 
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ing the light and to provide photosensitivity in the long 
period fiber gratings. The B2O3 is utilized as a codopant 
to advantageously alter the thermal variability of refrac- 
tive index of the silica core. A BgOa to Ge02 concentra- 
tion ratio In the range of 1 wl.% B2O3 : 3 wl.% Ge02 to 
1 wl.% B2O3 : 10 wt.% Ge02 will provide a beneficial 
thermal variability which inhibits and reduces thermal 
spectral shifts while providing an appropriate waveguide 
core refractive index. The prefen-ed B2O3 to GeOa con- 
centration ratio is in the range of 1 wt.% B2O3 : 4 wt.% 
Ge02 to 1 wt.% B2O3 : 6 wt.% Ge02. The most pre- 
ferred B2O3 to G&O2 concentration ratio of the invention 
is 1 wt.% B2O3 : 5 wt.% Ge02. 

In view of obtaining an advantageous core to clad- 
ding B2O3 concentration difference, the preferred core 
composition is from 1-40 wt.% Ge02 and 0.5-15 v\rt.% 
B2O3. The more preferred core composition is from 4- 
25 wt.% Ge02 and 0.75-7 wt.% B2O3. TTie most pre- 
ferred core composition is from 6-20 wt.% Ge02 and 1- 

3 wt.% B2O3. 

Also in view that in the invention Ge02 is used as 
an index raising altering dopant to guide light waves and 
that B2O3 is used as a negative thermal spectral shift 
dopant to neutralize the positive thermal spectral shift of 
the index raising dopant and silica composition, the pre- 
ferred molar ratio is 1 mole of B2O3 to 2-4 total moles of 
index raising dopants which includes dopants such as 
germanium and phosphorous. The most prefen-ed 
molar ratio of negative thermal spectral shift dopants to 
the total moles of index raising dopants is 1 mole of 
B2O3 to 3 total moles of index raising dopants to 
achieve an athermalized optical waveguide. 

It will be apparent to those skilled in the art that var- 
ious modifications and variations can be made in the 
corrposition and method of the present invention with- 
out departing from the spirit or scope of the invention. 
Thus, it is intended that the present invention cover the 
modifications and variations of the invention provided 
they come within the scope of the appended claims and 
their equivalents. 

Claims 

1 . An optical waveguide device comprised of an opti- 
cal waveguiding silica core doped with an index 
raising dopant, wherein said waveguiding core is 
codoped with a sufficient amount of B2O3 to inhibit 
thermal spectral shifts in the device caused by a 
change in the temperature of said device 

2. An optical waveguide device as d^med in claim i 
wherein said index raising dopant is Ge02. 

3. An optical waveguide device as claimed in claim 1 
wherein said waveguide device comprises a trans- 
mitting filter, 

4. An optical waveguide device as claimed in claim 1 , 



wherein a mode guided by said waveguiding core is 
coupled to a second waveguiding core. 

5. An optical waveguide device as claimed in claim 1 , 
5 further comprising a cladding, wherein a mode 

propagating in said core is coupled to a mode in 
said cladding. 

6. An athermalized optical waveguide device com- 
10 prised of a silica glass with a dopant content con- 
sisting essentially of GeOa and B2O3. 

7. An optical waveguide device as claimed in claim 2 
or ewherein said silica core has a B2O3 : GeG2 ratio 

IS ranging from 

1 wt.% B2O3 : 3 wt. % Ge02 to 
1 wt.% B2O3 : 10 wt. % Ge02 . or 

20 a B2O3 : Ge02 ratio ranging from 

1 wt.% B2O3 : 4 wt. % Ge02 to 
1 wt.% B2O3 : 6 wt. % Ge02 , or 

25 wherein said silica core has a B2O3: Ge02 ratio of 
1 wt.% B2O3: 5 wt.% Ge02, or a B2O3: Ge02 molar 
ratio ranging from 1 mole B2O3: 1 .5 nroles Qe02 to 1 
nnole B2O3: 8 moles Ge02. 

30 8. An optical waveguide device as claimed in claim 4 
or Swherein said device is comprised of a Mach- 
Zehnder interferometer, or of a long period fiber 
grating. 

35 9. An athermalized optical waveguide comprised of a 
silica glass with a dopant content comprised of 
B2O3 and a plurality of index raising dopant mde- 
cules. 

40 10. A waveguide as claimed in daim 9 wherein said 
dopant content has a B2O3: index raising dopant 
molar ratio ranging from 1 mole B2O3: 2 moles of 
index raising dopant molecules to 1 nnole B2O3: 7 
moles of index raising dopant molecules, or has a 

45 B2O3: index raising dopant molar ratio ranging from 
1 mole B2O3: 3 moles of index raising dopant mole- 
cules to 1 mole B2O3: 4 moles of index raising 
dopant molecules. 

so 11. A method of athermalizing an optical waveguide 
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conrprising: 



55 



(a) forming a silica waveguide core; 

(b) doping said silica waveguide core with 
Ge02; and 

(c) codoping said silica waveguide core with 
B2O3. 



7 



13 



EP 0 849 231 A1 



14 



12. The method of athermalizing an optical waveguide 
device as claimed in claim 1 1 wherein the step of 
codoping the silica waveguide core with B2O3 con> 
prises the step of codoping said silica waveguide 
core with a sufficient amount of B2O3 wherein said 
waveguide device exhibits a thermal spectral shift 
of less than 0.04 nmA'C at 1550 nm. 

13. The method of athermalizing an optical waveguide 
device as claimed in daim 1 1 , wherein said method 
further comprises the steps of: 

codoping said Ge02 doped silica waveguide 
core with a sufficient amount of B2O3 to neu- 
tralize said Ge02 doped silica waveguide 
core's thernial sensitivity. 

14. The method of athermalizing an optical waveguide 
device as claimed in claim 1 1 . further comprising 
the steps of: 

forming a Mach-Zehnder interferometer with 
said codoped silica waveguide core, or 
cladding said codoped waveguide core to form 
an optical waveguide; and 
writing a long period grating in said formed opti- 
cal waveguide. 



of said index raising dopant. 

18. The method of claim 16, wherein said step of clad- 
ding said waveguide core comprises the step of 

s cladding the waveguide core with a glass doped 
with said second dopant. 

19. An athermalized optical waveguide comprised of a 
core and a cladding wherein the core and the dad- 

10 ding have a difference in B2O3 dopant content rang- 
ing from 1 wt.% to 5 wt.% B2O3, or wherein the 
difference in B2O3 dopant corrtent is In the range of 
2 wt.% to 4 wt.% B2O3. 

15 20. A method of maidng an optical waveguide with a 
reduced temperature dependence, said method 
comprising: 

a) doping a waveguide with an Index altering 
20 dopant which allows light to be guided; and 

b) doping the waveguide with a temperature 
dependence liberating dopant which reduces 
the temperature dependence of the waveguide. 

25 



15. The method of athermalizing an optical waveguide 
device as claimed in claim 1 1 wherein said method 30 
further comprises the step of cladding said 
codoped waveguide core with a B2O3 doped silica. 



16. A method of reducing the tenperature dependance 
of an optical waveguide device, said method conrh 35 
prising: 



a) forming a waveguide core; 

b) doping the waveguide core with an index 
raising dopant having a positive thermal spec- 40 
tral shift slope; 

c) codoping said waveguide core with a second 
dopant having a negative thermal spectral shift 
slope; 

d) cladding said waveguide core; and 45 

e) fabricating an optical waveguide device from 
said cladded codoped waveguide core. 



17. The method of claim 16, wherein said step of 
codoping further comprises the step of neutralizing so 
the positive thermal spectral shift slope of the 
waveguide device with the second dopant, or of 
codoping said waveguide core with an index 
depressing dopant, of codoping said waveguide 
core with boron, or codoping with an amount of said 55 
second dopant so that the molar ratio of said sec- 
ond dopant to said index raising dopant is in the 
range of 1 mole of said second dopant to 2-4 moles 
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